Pasteuria penetrans (Thorne) Sayre and Starr is a host-specific parasitic bacterium (Stirling, 1991) , and is applied in Japan as a practical biological control agent for the root-knot nematodes Meloidogyne spp. It has been proven that sonicated P. penetrans spores showed much greater spore attachment to the second-stage juveniles (J2) of Meloidogyne spp. (Stirling et al., 1986; Davies et al., 1988; Orui, 1997) . Spore attachment activity of P. penetrans is remarkably enhanced when P. penetrans spores are sonicated after spore storage in sterile water (Orui, 2001) . Though P. penetrans spores are resistant to sonication without losing their host-specific characteristic (Orui, 1997), infectivity in Meloidogyne spp. by sonicated P. penetrans spores is still unknown.
INTRODUCTION
Pasteuria penetrans (Thorne) Sayre and Starr is a host-specific parasitic bacterium (Stirling, 1991) , and is applied in Japan as a practical biological control agent for the root-knot nematodes Meloidogyne spp. It has been proven that sonicated P. penetrans spores showed much greater spore attachment to the second-stage juveniles (J2) of Meloidogyne spp. (Stirling et al., 1986; Davies et al., 1988; Orui, 1997) . Spore attachment activity of P. penetrans is remarkably enhanced when P. penetrans spores are sonicated after spore storage in sterile water (Orui, 2001) . Though P. penetrans spores are resistant to sonication without losing their host-specific characteristic (Orui, 1997) , infectivity in Meloidogyne spp. by sonicated P. penetrans spores is still unknown.
If spore sonication promotes infectivity in Meloidogyne spp., it may become an important pretreatment when P. penetrans is applied to control Meloidogyne spp. The objective of this study was to examine the effects of the sonication of P. penetrans spores on their infection in Meloidogyne spp.
MATERIALS AND METHODS
Nematodes and P. penetrans isolates. The origins of M. arenaria (Neal) Chitwood and M. hapla Chitwood used in this study were obtained from tobacco in Okayama Pref. and Akita Pref., respectively. The populations were maintained on tomato (cv. Kyoryoku-beiju) in a greenhouse. Egg masses were hand picked from the root, and J2s were obtained by incubating the egg masses for 3 days in sterile water at 25°C. Two isolates of P. penetrans used, i.e., MAP and MHP, originated from the above populations of M. arenaria and M. hapla, respectively.
The mass spore production of P. penetrans was conducted as previously described (Orui, 1997) . The concentration of spore suspension of P. penetrans obtained from adult females on the tomato roots (cv. Kyoryoku-beiju) was immediately adjusted to a concentration of 2ϫ10 5 spores/ml with sterile water, and the suspension was stored at 5°C for two months.
Spore sonication. Seven milliliters of the stored spore suspension was sonicated in an ice bath with an ultrasonic transducer (TA-5287: Kaijo Denki Co. Ltd.) supplying 19.5 kHz modulated electrical output with a power setting of 300 W. One milliliter of the suspension was removed at each treatment time (5, 15, and 30 min after treatment) for the two bioassays.
Bioassays for spore attachment to J2s and infectivity to females. In each bioassay for spore attachment to J2s and infectivity to females, four replicate wells (Nunc) were prepared for each sonication time of the stored spore suspension. Fifty microliters of McIlvaine buffer (pH 8.0), and 50 ml of nematode suspension containing 130-195 J2s hatched within 3 days in sterile water at 25°C were pipetted into a well of the 96 well microplate (Nunc), followed by the addition of 100 ml of the sonicated spore suspension, and each suspension was mixed in the well. After the suspensions were placed at 25°C for 24 h, they were examined according to the two bioassay methods described below.
The bioassay for spore attachment to J2s was performed as follows: the supernatant of the suspension in the well was discarded and replaced with equal volumes of McIlvaine buffer (pH 2.2) and 0.1% Brilliant Blue G solution to stain the spores (Bird, 1988) . After the spores were stained for about 2 h at 5°C, the supernatant was discarded. The remaining nematode suspension was mounted on a slide glass, and covered with a cover glass. The number of spores attached per J2 was counted at a magnification of ϫ200 or ϫ400 for 20 individuals. Each treatment was replicated four times.
The bioassay for infectivity to females was performed as follows: a suspension containing 130-195 J2s in the well was inoculated into the soil around the roots of a six-week-old potted tomato plant (cv. Kyoryoku-beiju). The tomato plants were grown for 45 days in a greenhouse at 25°C, then harvested, and roots were washed with tap water. About 30-40 mature adult females were picked from the roots, squashed with a pin, and were immediately observed under a light microscope at 400ϫ magnification. The presence of spores was observed to confirm infection of females by P. penetrans. Each treatment was replicated four times.
RESULTS AND DISCUSSION
The numbers of MAP and MHP spores attached to J2 when the spores were sonicated for 30 min were 16 times and 22 times higher than the respective non-sonicated treatments. The number of spores per J2 and the rates of J2s with spores increased remarkably as the sonication time increased (Table 1 ). This result is consistent with other reports (Stirling et al., 1986; Orui, 1997) .
Both MAP and MHP spores sonicated for 15 and 30 min could attach to all J2 used in the assay, and enhanced the infection rates in females remarkably. The infection rates of spores sonicated for 15 and 30 min, respectively, were 85.9 and 85.0% for MAP, and 71.7 and 76.8% for MHP, which were 2.0-2.3 times and 1.5-3.0 times higher than non-sonicated treatments, respectively. Thirty minutes and 15 min sonication were statistically equivalent in the infection rates of females ( in the developing nematode.
There is no documented study on infectivity of sonicated P. penetrans spores. This study demonstrated that spore sonication promotes infectivity in Meloidogyne females.
The results suggest that spore sonication may be an important pretreatment when P. penetrans is applied to control Meloidogyne spp. Moreover, spore sonication may contribute to the mass production of P. penetrans using intact nematodes with greenhouse host plants.
